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(54) Medical Li+ rechargeable powered implantable stimulator 



(57) The implantable stimulator 1 of the present 
invention, having a rechargeable lithium ion power 
source 2, delivers electrical stimulation pulses, in a con- 
trolled manner, to a targeted site 4, 5, 6 f 7 within a 
patient. This lithium ion power source, contained within 
the implantable stimulator, can supply sufficient power 
to the implantable stimulator on an exclusive basis over 
at least about 4 days, the power source including a high 
value, small size lithium ion storage unit having a power 



rating of at least 50 miiliamp hours. The implantable 
stimulator of the present invention also has an inauctor 
11 adapted to gather EMF power transmissions. The 
implantable stimulator can be replenished with electrical 
power by an electrical power replenisner, external to the 
implantable stimulator, to replenish the lithium ion power 
source up to its maximum rated voltage by generating 
the EMF power transmissions near the inductor. 
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Description 

[0001J This invention relates to a medical implantable generator fcr ele~r:cai stimulation (such as neurosi':rr.-j!a::o.n: 
that is powered by a Lithium Ion (Li+) based rechargeable power source. 

5 [0002] Medical implantable stimulators are used to treat patients suffering from various aliments For examo-.s. 
implanted neurostimulators are used to treat patients suffering from such ailments as cnron:= oain. movement disor- 
ders, and incontinence. Implantable stimulators with replenishable, high caoacitive power sources are knowr sue as 
U.S. Patent No. 5,807,397. assigned to Plexus, Inc. Capacitive power sources in these prior implantable stimulators 
must be replenished frequently on a daily or other periodic basis via an external, RF coupled device This reauired fre- 

w quent replenishment of capacitive power sources gives rise to a host of disadvantages, such as th= frequ=r.-' ana con- 
tinuous, need for an- available external, RF coupled device to replenish the capacitive cower source as well as the 
inconvenience of frequent replenishment of the capacitive power source. Thus, a recharasable power source for 
implantable stimulators that requires less frequent replenishment than orior caoacitive cower sourc-s would be desira- 
ble. 

is [0003] In addition, conventional implantable stimulators have a certain size and weight to account for thai' c=paci- 
tive power sources. Thus, an implantable stimulator having a smaller size and weight, yet still providing ooeratina times 
equivalent to or betterthan conventional capacitive powered stimulators would also be desirable 
[0004] Thus, it is an object of the present invention to provide an implantable stim'ulator having a recharoeable 
power source that requires less frequent replenishment than conventional implantable stimulators It is a furthered 
20 of the present invention to provide an implantable stimulator having a rechargeable power source that can deliver more 
frequent, greater, and more prolonged stimulation than conventional implantable stimulators and thereby improve the 
quality of patient fives. Another object of the present invention is that the power source of the imolantable stimu iator can 
power an implantable 12 cubic centimeter neurostimulator for up to about 30 days without recharging 
[0005] It is also an object of the present invention to provide an implantable stimulator having a smaller size and 
lower weight than conventional capacitive powered stimulators, yet still providing eouivaient or better operating times. 
[0006] In addition, it is an object of the present invention to provide an implantable stimulator that can be as small 
as three (3) to (6) cubic centimeters, and thus provide for anatomical placement of implantable stimulators not available 
in conventional capacitive powered stimulators. 

[0007] It is a further object of the present invention to provide an implantable stimulator that can be readily r°plen- 
30 ished via an external, RF coupled device during a shorter replenishing cycle than conventional imolantable stimulators 
[0008] The invention provides a medical system for delivering electrical stimulation Dulses in a controlled manner 
to a targeted site within a patient comprising: 

an implantable stimulator capable of delivering, in a controlled manner, one or more electrical stimulation Dulses to 
35 a targeted site within a patient; 

the implantable stimulator having a rechargeable lithium ion power source sufficient to supoiy power to the implant- 
able stimulator on an exclusive basis. 

[0009] A new medical implantable stimulator has thus now been discovered that has a power source that reauires 
40 less frequent replenishment than the capacitive power sources in conventional implantable stimulators This new 
implantable stimulator has a Lithium ion (Li+) rechargeable power source, as opposed to the caoacitive power sources 
in conventional implantable stimulators. The medical implantable stimulator of the present invention delivers more fre- 
quent, greater, and more prolonged stimulation than conventional implantable stimulators, thereby greatly improving 
patient lives. More specifically, the implantable stimulator of the present invention can provide up to 10 to 100 times 
45 more stimulation time per given volume than conventional implantable stimulators. 

[0010] The medical implantable stimulator of the present invention can be used as a neurostimulator or any other 
implantable system requiring self-contained power, e.g. pacemakers, defibrillators, and cochlear imolants For exampl° 
the implantable stimulator of the present invention can provide up to at least 300 milliamp hours of stimulation However' 
a range of about 10 milliamp hourto2 amp hour Li+ rechargeable power source sizes are feasible if d-sire'd For smaller 
so implantable stimulators, such as cochlear implants, the implantable stimulator of the present invention can provide up 
to at least 50 milliamp hours of stimulation. 

[0011] In a preferred embodiment of the present invention, the implantable stimulator having a Li+ rechargeable 
power source can power a 12 cubic centimeter neurostimulator for up to about 30 days without recharging 
[0012] Another embodiment of the present invention provides an implantable stimulator having equivalent pr better 
ss operating times than conventional capacitive powered stimulators while being smaller and lighter than such conven- 
tional capacitive powered stimulators. 

[0013] Another preferred embodiment of the present invention provides an implantable stimulator that can b» as 
small as three (3) to (6) cubic centimeters, and thus provide for anatomical placemen; of implantable stimulators no: 
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available in conventional capacitive powered stimulators. 

[0014] The implantable stimulator of the present invention can be a neurcstimu later such as ::re ;l3j L i:re^ S. Syn- 
ergy® and Kinetra® (all from Medtronic, Inc. of Minneapolis, Minnesota) :na: is modified sc as to have a Li- rezr.zrze- 
able power source, as opposed to a capacitive power source. 
5 [0015] Preferred embodiments of the invention will now be described, by way of example only, with reference- :: :ne 
drawings. 

Figure 1 illustrates an implantable stimulator according to the present invention, as implanted in a c referred location 
of the human body. 

w Figure 2 illustrates locations where the implantable stimulator of the present invention can be implanted in tne 
human body other than the location shown in Figure 1. 

Figure 3 illustrates the relationship between voltage and eiectricai power capacity for a Li- recharceabie sower 
source of the present invention. 

15 [0016] L'h- power sources, such as used in non-medical devices, e.g. laptop computers, were evaluated for a 
number of parameters to determine whether such power sources could be modified for use as a power source in med- 
ical implantable stimulators. Trie parameters reviewed were: 

(1) total energy stored by each Li+ powersource from full charge to full discharge; 
20 (2) capacity fade rate as a function of cycle; 

(3) capacity fade rate as a function of time; 

(4) capacity fade rate as a function of storage temperature; 

(5) charge rate capability; and 

(6) discharge current capability (impedance current). 

25 

[0017] The evaluation of the above parameters revealed that Li+ power sources, not previously used in medical 
implantable stimulators, could be suitable for a power source in medical implantable stimulators upon appropriate mod- 
ification. More specifically, it has been discovered that such Li+ power sources, such as commercially available Sony 
U32430 Cell (from Sony Corporation), could be modified by hermetic sealing the Li+ ion power source to eliminate 
30 problems arising from out-gassing and to shape the Lh- ion power source so that it can be placed within a medical 
implantable stimulator. 

[0018] A comparison was made between the time between replenishing a Li+ power source (i.e., Sony US2430 
Cell) and a capacitive power source as taught in U.S. Patent No. 5,807,397. This comparison is set forth beiow: 



TABLE I 



Implantable Stimula- 
tor Device Size (cubic 
centimeters; "cc") 


Weight of Implantable 
Stimulator Device 
(grams; "gm") 


Approximate Time 
between Required 
Replenishing for 
Capacitive Power 
Source* 


Approximate Time 
between Required 
Replenishing for Li-r 
Power Source* 


Li-r Power Source 
Miliiamp Hours 


3to6cc 


#12gm 


6 hours 


4 days 


50 miliiamp hours 


6 to 12c c 


#25 gm 


12 hours 


30 days 


150 miliiamp hours 


12 to 26 cc 


#40 gm 


24 hours 


60 days 


300 miliiamp hours 



* Where typical depletion current is between 100 and 150 microamps. 



so [0019] The above table was prepared using actual test data of a 26 cc device having a capacitive power source as 
taught in U.S. Patent No. 5,807,397. The remaining information in the above table is based an extraoolation of the actual 
performance of this 26 cc device and from evaluating a Li+ power source (i.e., Sony US2430 Ceil). The relationship 
between the time required for replenishing a power source for a given depletion current of 150 microamps for a given 
stimulator device size is as follows: 

55 

1 . Power Source Density ("PS DEN ') 

ps den ( Li+ ) " 50 M'N'amp hours/cubic centimeters 
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10 



15 



25 



30 



35 



40 



<5 



50 



55 



fcrLi-r power source 

PS DEN (CAP) - 0.5 Milliamp hours/cubic csr.iime-ers 
for Capacitive power source 

2. Power Source Capacity (in milliamp hours) is based on average device current and acproxirnate time between 
required replenishing. 

PS (Milliamp hours)= T Rep , • | ^..^ 

PS^ = Power Source Capacity (milliamp hours) 
"^RepL = Time between replenishing (hours) 
bevice = Device current (milliamps) 



3. Power Source Size 

PS size(cc) = PS CAP /p S DEN 

20 Ps size = Sl2e of the power source (cubic centimeters) 

4. Device Size 

Device Size (cubic centimeters) = PS * S 

size senile 



s scaie = The proportion of the remaining device components with respect to the Power Source. Typically, the 
remaining device components are 3-6 times the size of the power source. 

[0020] It was further determined a hermetic power cell could be constructed to eliminate the concern of out ga«- 
sing, wh.cn is a reliability concern, to the surrounding electronics. For examole. a suitable metal alloy can be used as 
an outer housing for the power cell to hermetically seal the power cell. More specifically, the outer housing can comorise 
two metal alloy parts that are welded together at their edges to encase tne power cell. A hermetic feed through wire can 
be used to account for polarity. 

[0021] It was further determined that in the present invention, the inductor needed to be different from that taught 
in U.S Patent No. 5,807.397 to account for the greater energy stored in tne Li + cell over that stored in a conventional 
capacitative power sources used in the Implantable stimulator of U.S. Patent No. 5,807,397. More sD-cifically the 
present invention requires an inductor that will increase the coefficient of coupling to increase the energy'transfer rate 
due to the greater energy stored in the Li + cell. In a preferred embodiment of tne present invention, this is accomplished 
mrS 9 P fT b,e matenal ' coinciden t shapes to facilitate coupling, and a coefficient coupling feedback indicator. 
1 1 L F ' 9Ure 1 ' 8 " eW mediCal im P |antable ^m^tor 1 has now been discovered that has a recharge- 

able | Irth.um ion power source 2, which requires less frequent replenishment than the capacitive power sources in con- 
ventional .mplantable stimulators. More specifically, this new stimulator has a rechargeable Lithium ion (Li + ) oower 
-°o U *?J; a T S w° PP 10 the capacltive P° wer sources in the implantable stimulator as taught in U.S. Patent No 
=,807 397. The medical implantable stimulator 1 of the present invention delivers more frequent, greater, and more oro- 
longed simulation than conventional implantable stimulators, thereby greatly improving patient lives. More specifically, 
tne ■mplantable stimulator of the present invention can provide up to 10 to 100 times more stimulation time oer oiven 
volume than conventional implantable stimulators. 

[0023] Figure 1 Illustrates implantable stimulator 1 implanted subcutaneously with respect to a patient's skin 3 
More specifically. Figure 1 shows that in one preferred embodiment, stimulator 1 is implanted in upp«r left side ch=st 
region 4 of the patient in a pocket just below the collar bone, and more specifically, the pectoral region 
[0024] The above preferred embodiment for the placement of stimulator 1 within a human patient in pectoral region 
4 is further shown in Figure 2A. Other preferred embodiments for the placement of stimulator 1 within a human oatient 
is furtner shown in Figures 2B. 2C. and 2D. As shown in Figure 2B, stimulator 1 can be implanted in a region 5 behind 
the ear o, a patient, and more specifically in the mastoid region. As shown in Figure 2C stimulator 1 can b° impian-d 
in tne lower left abominable region 6 of a patient. As shown in Figure 2D. stimulator 1 can be placed in the lower back 
or upper buttock region 7 of a patient Because implantable stimulator 1 of the present invention having a Li + power 
source can be smaller than an implantable stimulator having a capacitive power source, the implantable stimulator 1 of 
the present invention can be implanted in a patient in more locations and/or used in more applications tnan prior art 
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stimulators. 

[0025] Referring again to Figure 1, stimulator 1 comprises Li- cower source 2 vc«« «oul»»o- 8 n»v">ng 
charge/discharge monitor 9. recharge and regulation circuitry 10. inouctor 1 1 . antenna '2 «ienwry ano"~o--ur : ~a- 
tion circuitry 13, and processor 14 comprising processing, memory, measurement.VouVcuto'ul znizM^ci™ 
5 circuitry, and two (2) or more electrodes 1 5 having at least one implanted lead 1 6 

[0026] The stimulator 1 can be coupled with a programming unit (not shown) and/or a reoienisr. transmitter Z> via 
radio frequency waves when they are placed in close proximity to stimulator 1. More soeciiicaliy stimulator ""can ' 
X ^TJ^2 1 T' S ,r ° m , SUCh pr0 9 rammin 9 unit or re P'enish transmitter 22 via antenna 12. Prooramminc units 

,o not 2 L ^ kn0WP ' n rSferably ' thS P ro 3^™g »nh and tne reoienisr, transmitter 22 are ' 

7a not used concurrently. 

^?nyJ^T 12 ' IS , C -° UPled l °, o?' emetry T COmmunication circuitry 13. which in turn is couoied to orccessor 
IJZTZ T ?° UP t0 tW ° (2 / °I m ° re e ' eCtr0deS 15 - Pra = essor 14 is al *° coupled to voltage reouiator 5 and 
Z nZ L 9 °" C,rcUrtry 10 ' V ° te9e re9U ' at0r 8 ' lS C0Upisd t0 Li + P° wer s ™ 2. Voltage reaufator 8 is also 
« Z TJZL*T 9 T C] ™*Z"- ReChar 9 e and ^gulation circuitry 1 0 is further couoied to inductor 1 1 . 

* hfrl« n P T ^ , emb0d ' ment ° f F ' 9Ure 1 ' Stimulator 1 ha * inner housing 1 7. Preferably, inner housing 1 7 
In olr 22 "if B 1 made J r0m a PP r °P" ate ^^ria!, such as titanium and titanium alloys. Stimulator 1 also has 
an outer housing 18 containing the inner housing 17. 

EL it^LIT r ,9Ure 1 ' ' prrtwBb ^ : ndUCt0r 11 can be P'^d within the outer housing 18 and outside inner 
housing 17 As further shown ,n F.gure 1 . inductor 1 1 is preferably coupled to recnarge and regulation circuitry via at 
20 east two (2 separate hermetic feed through wires 1 9 and 20. This construction provides a larger inductor aoerture nan 

an becoutX ' T^TT^T ™ ' ar9er,hS hdUeter *^ the ^alrthe «•« 

TrnZt ^u* 9 ? C ' ♦ ° r I , 6 ' nner h0USing 17 in = re2S ^*e couoling coefficient of imoiantable 

2S ^T^IT^T Furt ;,f • by P ' aci "9 indu «or 11 outside inner housing 17, energy losses attributed 

Inne^ousing i 7 9 3 " ^ bS P ' aCed Within the outer housina 18 and ° utside 

f»m tL I'n! 0 *^??, 2 SUPP ' iSS V °*T re9U ' at0r 8 Wrth electr ' ;=31 power - The e!s * ri = a > P°wer is then supolied 
» S t 9 9 , T 10 Pr ° CeSS °J 14 ' PTOCeSSOr 14 then Suppiiss ele = trical sti ™ ia «°n Puh-t « two (2) or more 
ESS. i adTsc * h TT.? • E 'f Ctr0deS 15 ,hen sup PV electrical stimulation pulses to implant d lead 1 6. 
6 can be ISd^rt P 'f adjaC6nt °/ near a tar 9 eted site the human patient. For example imolanted ,ead 
iTaSonTit^ 

[0030] In an alternative, Li + power source 2 can be used to power an imoiantable diaanostic device to d«e~t bodilv 

ZTZZV^l™ 9 ™' iike the brain or hean - ,n another a,:ernative - Li+ ° ower ««?c^^^ 

An inLor n ^t e ?H 0n ' fYf 6 "' 5 ? tra " smi « er 22 is placed in close proximity to skin 3 and implantab.e stimulator 1 
^Zt^orT rePlen ' Sh tranSmitter 22 6mitS RF V ' 3VeS eStabliSh ' ng ™ ™ ««" w*h are 

40 [0032] Further, replenish transmitter 22 emits command sianals to antenna 1 9 of i mnlanteW »■ , ♦ „ - 

sssiSr^SEi proper comrt " M ,te iMrao ' 1 1 receives w ' Rf >— ' *«" » 

[0033] The RF coupled power, which is alternating current f'AC'l is cnnvprtoH h» »h« . • 

^^SS^iiS2^,r^~ ,M eshes and repisnishes - in aprsferred emb ° diment ° f an 

Sum! 2 S° I T B ?^ 00 '? SIZ6, appr0Ximate 'V 150 hours are stored in Li + rechargeable oower 

source 2 Th. S is sufficient to power implantable stimulator 1 (about 6 to 12 cc in size) for at least 30 davs durinc the 

so ttoe l S e U fi bStanti ? C °r n : al eleCtriC StimU ' ati0n PUlS6S 10 tarQS * d tissues via -ted e 16 Lo ger nVr 
^t?.? 0- ^ ? VSl P0SSib,e d6Pendent UP ° n thS Va ' Ue ° f the »P«*y ° f Li + rechargeable oower 
meT th lint f " dUe . t0 C ,°r ,nUal d6liVery 0< StimU,ati ° n PUiS6S - Because of lhe 9 raa «^ energy storage 

JtTm LtrH ' nVe Can ^ US6d f ° r m ° re and/ ° r ° ,her batons that could not be performed by orior art 
stimulators having a capacitwe power source. ' ■ 

55 t?o 3 ro LssoMrrd r f 1 l K t C h OUPled t0 1'' Char9e/discharae ™«*" 9 -™ charge/discharge monitor 9 sends signals 
55 to processor 14. and from these signals, processor 14 determines wnen a "fully charc°d" state is reached h -h» I u 

rechargeable power source 2. When processor 14 determine the' a "fullv l^* JT- ^1°" [ [+ 
ra^omfl^u « ~ wcwhiiih-s ma. a Tuny charged state is reached in ne Li+ 

^ receiot S T S0UTCe I Pr ° CeSS ° r ^ S6ndS 3 S ' 9nal £n!3nna 12 and ° ni ° the re P ienish tran£ — ' 2 2 
Upon receipt of this command s.gnal..replen.sh transmitter 22 turns of the oower transmitted to inductor 1 1 . 
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[0035] The medical implantable stimulator of the present invention c»r. '. ?OQ a ~ - n»u-'virr.u i a-o- - r» - °r 

reqUiriR9 self - comained P ° W f ' e * Pikers', oefo^^^^ 
ab e simulator of the present invention can provide up to at least 300 miliiamp hours of stimulation For smaH-r irroiant- 
able stimulators, such as cochlear implants, the implantable stimuli- o< tr* nr fl , fl , i™ * 

i M «.t cn miir,^« u t A - . . ^timuiaio. Oi ine present invention can oroviae uc to at 

least 50 miliiamp hours of stimulation. 



75 
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40 
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[0036] In a preferred embodiment of the present invention the i-niswahio e*; m ..i a * 

r -.mull, me i. * tDian laoie st mu at or navina a i-j- r°"h?rn=5ho 

£ S0U ? n ^ er P e 0 T a ri 12 « Ub f th Cen « mete [ neUr f -^torfor up to about 30 days without ShaSn ° 
[0037] Another embodiment of the present .mention provides an implantable stimulator having eouiva.ent o- b»tt-r 
operating times than conventional capacitive powered stimulators vhi- being srraiie. ^ ! 
w tional capacitive powered stimulators 9 a " e ' an ° " gnier tnan sucn convsn - 

[2s t^T^- "*? T * ^Jf inVent, ° n pr ° V '' d9S a " impiantable sti ™ lator «* can be as 
aSlbte n { ) ? ( I b ' C centimeters ' and thus P rovide »or anatomical placement of implantable stimulators not 
available in conventional capacitive powered stimulators. simulators no; 

EISLh? 8 | m S a ! ,t f? e stimulator of the P resent inventi °n can be a neurostimulator such as Itrel® II Itrel® 3 Syn- 
(8 ,fr0m Medtr0niC ' ' nC - ° f Minnea P° ,is ' Mi n"esota) that is modified so as to have a r-chargl 

Sa " OPP0S H d V n ° n " reC r arge3ble P ° Wer S ° UrCe CUrrentl ^ used in such neurostimu a^ 9 
[0040 The charging and discharging of L* power source cell is a chemical reaction Voltage is an indicator of the 

SEE* ° f ? e f P0Wer S0Uree ce " related 10 the P ercenta 9e electrical power charged or discharged 
[0041] Preferably, the Li+ powersource cell of the implantable stimulator of the present invention is not overcharged 
or over discharged, while at the same time utilizing maximum energy. Over charging or ^ 

source eel, can adverse* effect the parameters listed below, as welTes permanently'damage SS^'^^ 

(1) total energy stored by each Li+ powersource from full charge to full discharge- 
rs) capacity fade rate as a function of cycle; " 
25 (3) capacity fade rate as a function of time; 

(4) capacity fade rate as a function of storage temperature; 

(5) charge rate capability; and 

(6) discharge current capability (impedance current). 

30 Ssou^T^ -P-* -a typica, L i + 

9 in Figure 1. and controlled by processor 14, which receive^iS^ZSSS? „ cnarge/discharge monitor 
preferable to have the largest VFC to VFD possible. 9 charge/discharge morntor 9. It is further 

[0043] Measuring the voltage of the L'm- power source cell as rioerrihod a h„>,o i. „ . 
centage of full charge and to monitor the rate of charge/dlcharoe However there L « t * ^ ^ 
reflected in a voltage measurement P«r o,,™.. »*' WSQ ™9e. However, there are effects that are not comDletely 

counter* In thi* * -T ls of measurement can be referred to as a "coulomb 



Claims 



55 



P^rcomSg? de '" rin9 eieCtriCal StimU ' ati0n PU ' SeS ' " 3 COmr0,led manner ' 10 3 site within a 

the implantable stimulator having a rechargeable lithium icn power source (2) sufficient to supply power to the 
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implantable stimulator on an exclusive basis. 



2. The medical system of Claim 1 further comprising an inductor (1 -.) aa2ptsd t0 = MF 30WS . :rarraions 
ano electrically coupled to recharge and regulation circuitry (10) 

5 

3. The medical system of Claim 2 further comprising a voltage regulator (8). a orocessor (14) r»i»m~rv and com- 
zZTT ( 1 3 !' T a " 0 ?" WnerS ,hS V ° !l23e rS9Ulator is 'coutiid to t"nV lithium ion 

STbZ? ( h / r T ISSU,n9 3 V °' ta9e C ° mm2nd Wh6n 3 V0l5a 3 s « nthium ion cower source 
talis below a predetermined level; 

70 

the antenna (12) is electrically coupled to the telemetry and communication circuitry (13), and the telemetry 
and commun.cat.on circuitry (13) is electrically coupled to the processor (14) 

!«or P ^°L ( ( ! 1 !! 18 T a " V < T Pie * t0 tS ' emetry 3nd c ° m ™nication circuitry (13). the voltage regu- 
lator (8), the recharge and regulat.on c.rcuitry (i 0). and at least one implanted lead (16V 

75 'he telemetry and communication circuitry (13) transmits a ^innai rpnmc^n.,*-, , «L i 

. , "onsmiiB a signal representative of the low voltage command 

LZt T'* T 6 ' rep,emSher - £Xtamal 1° the "mplamable stimulator (1 ), to reoienish the lithium ion oower 

th.S!i • ? rtSmax ' mur " rated VOtta f, e b V generating the EMF power transmissions nearthe inductor (11); 

Indtn r P0 " er c r S en,Sher 18 C3pable ° f reCe,Vin 9 the S ^ representative of the low voltage command 

mfnVZ 7 "T" tranSm,SSIOns t0 the ind "*°-' * the implantable stimulator based on the com- 

20 mand low voltage command. 

maL h riaT ediCal " ^ * °' * Wherei " *' ° 1 > inC ' UdeS an inductor coil made of hi 3 h P ermiable 

25 iZ^SHSX or precedins c,aim wherein the impl2ntab,e stimulator (1) has an in - ^ < 17 > 

D "u2 , t ^(^ ° f C ' aim 5 Where ' ,n indUCt ° r ° 1 > ,S ,0=ated ° UtSide the inner housin 9 < 1 7 > inside the 

30 

L T rL™S SyStem " C ' a "" S <"■ ewherein the Inner homing ( 17 ) is M ltom mate , ia , comprising ti; a „l um o, 
35 SoSno^'rS^ ? O^S^l**. h»h«M. a i mu l a ,o, („ haa ,„ innsr nousing (17) and an 

10 The medical system of any preceding Claim further including a processor to sample the voltage stored in the 
hium ion power source (2), mcnitorthe voltage overtime, and control the addition o r reducto o v age stor d 
in the lithium ion power source to control a charge capacity of the lithium ion power source. 

45 the' SumtiflSr Z ^ ^ PraCedin9 Cla ™ fu ™er including a processor coupled to a precision resistor and to 
source to control a charge capacity of the lithium ion power source. 

12. The medical system of any preceding Claim wherein the imolantable stimulator (1) is between 3 to 6 cub- cen 
13 The medical system of any of Claims 1 to 11 wherein the imolantable stimulator M) is between 6 to 12 -ubic 

tion mrront rt * u f " " " ' . Y oeiween replenishing o. tne Irthium ion power source (2) having a asoie- 
tion current of about 100 to 150 rnicroamps. • 
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